Introduction
The reduction of natural resources and the threat of environmental pollution have increased the importance of recycling due to global warming and increasing population. Underground waste containers are named as compact systems consisting of large or small trash cans that appear above-ground and these trash cans have a reservoir 10-20 times more than their size. In this respect, using these innovative containers prevents the trash cans and trash from dropping around, as well as the collection of this debris, and eliminating the problems of smells and insects and flies. The above part of the underground waste containers contributes to the beauty of the living space with its aesthetic appearance, while the underground chamber provides protection in the tank against the leaks due to its inner coating, and since this chamber is placed under the ground, it prevents the occurrence of viruses and bacteria caused by the accumulation of waste on the streets and the distribution of impurities. The accumulation of underground waste saves space as well as facilitates pedestrian and vehicle transitions on the streets. Because the waste can be emptied in less than two minutes by the waste trucks that municipalities are currently using, thus time is saved. Moreover, hygiene and job security can be ensured since municipal workers are emptying the underground waste bin without touching. The advantages of underground waste containers and the characteristics of conventional waste containers are compared and summarized in Figure 1 .
Figure 1. Comparison of underground waste containers and classic waste containers
In this study, the problem of placing underground waste containers with many advantages mentioned above is discussed. The determination of the location of underground waste containers is an important decision-making problem since it contains more than one contradictory criteria. In this context, districts where underground waste containers would be placed first, then neighborhoods in Erzurum province of Turkey, were prioritized using Multi-Criteria Hesitant Fuzzy Linguistic Term Set (MC-HFLTS) and Multi-Attributive Ideal-Real Comparative Analysis (MAIRCA) among Multiple Criteria Decision Making (MCDM) methods. Moreover, a comparative analysis was performed using MABAC method in order to test the consistency of the results and the reliability of the method.
This study uses three MCDM methods: MC-HFLTS to define the weights of criteria, and MAIRCA and MABAC to choose the best alternative. There are several main reasons why we chose these methods. The reason for selecting MC-HFLTS was that it offers a DM a comparative and rich linguistic term set to express himself/herself more explicitly in cases of hesitation. Thus, the evaluation becomes more accurate due to the use of phrases that are relevant to hesitant human nature.
MAIRCA and MABAC methods are novel methods in comparison to other MCDM methods. Both methods also have similar working principles. MAIRCA method determines the difference between the ideal weight and the empirical weight. The value where this value is minimal is selected as the best one, while MABAC method determines the ideal and anti-ideal distances to the respective regions. The alternative with the greatest sum of its distances to the values that correspond to the ideal region is selected. This is why these methods were used in this study in order to measure the proximity and/or distance to the ideal. Furthermore, the reason why these methods were selected was that these were relatively novel in comparison to other methods, and it was aimed to determine the effectiveness of these methods in comparison.
The remainder of this study is organized as follows: Section 2 provides the literature related to applications of MC-HFLTS, MAIRCA and MABAC methods. MC-HFLTS, MAIRCA methods used in this study are described in Section 3. Section 4 illustrates the process of selecting the best location for the underground waste containers. Section 5 provides a comparison analysis with the MABAC method. Conclusions and future research directions are provided in the final section.
Literature Review
The literature review is given in three different groups. First of all, application studies using MC-HFLTS method are given. Then, studies using MAIRCA method are given. Finally, the studies using MAIRCA and MABAC methods in practice and comparison analysis are given.
Application studies using MC-HFLTS included the selection of alternative-fuelled vehicles for medical home providers (Yavuz et al., 2015) , the evaluation of alternatives to life insurance policies , site selection for wind turbines (Aktaş & Kabak, 2016) and site selection for courthouses (Topraklı et al., 2016) , the evaluation of mental workload (Adar & Delice, 2017) , human error analysis in banking sector (Adar & Delice, 2018) , selection of the best healthcare waste treatment technology , selection of cargo distribution company .
Considering literature, the studies on MAIRCA method are as follows: DEMATEL-MAIRCA model is used for selection of railway level crossings in order to invest in security equipment (Pamucar et al., 2014) , MAIRCA method is combined with Geographic information systems (GIS) by (Gigovic et al., 2016) and the model application is presented for the choice of sites for Ammunition Depots. The hybrid DEMATEL-ANP-MAIRCA model was improved based on Interval Rough Numbers (IRN) by and demonstrated using the example of the bidder selection process in the state administration public procurement procedure. The Rough DEMATEL-ANP-MAIRCA (R'AMATEL-MAIRCA) method is proposed by (Chatterje et al., 2018) and it is used to assess the performance of suppliers for green supply chain implementation in the electronics industry. A military airport location selection by AHP integrated PROMETHEE and VIKOR methods is presented by (Sennaroğlu and Celebi, 2018) . The results of the integrated method are compared with the results of MAIRCA, MABAC and COPRAS methods. IR-MABAC model was used for the evaluation of university websites and was compared to Fuzzy MAIRCA method . Finally, rough MAIRCA method is used for supplier choice in a company manufacturing PVC carpentry product (Stojic et al., 2018) . The studies using MAIRCA and MABAC methods in practice and comparison analysis are given in Table 1 . As can be seen from the table, MABAC and MAIRCA methods are not combined with HFLTS information. Moreover, as a result of the literature review, no studies related to the location of underground waste containers were found. The problem of location selection for underground waste containers was discussed for the first time in this study. This study is original in terms of this case and the integrated methods used.
An Integrated MC-HFLTS&MAIRCA Methods
In this study, the integrated MC-HFLTS&MAIRCA method is used to evaluate and choose the best location for underground waste containers. This integrated method contains three stages. These are explained as follows:
Stage 1. Data collection
In this stage, the aim of the study, evaluation criteria and alternatives are determined, then the hierarchy of decision-making problem is constructed. Decision-makers that have knowledge and experience relevant to the subject are identified.
Stage 2. Determination criteria weights using MC-HFLTS
Firstly, definitions for HFLTS are shown in the following (Yavuz et al., 2015; Rodriguez et al., 2012; Rodriguez et al., 2014) . Definition 4: In a HFLTS, S L  and S L  show the upper limit and lower limit, respectively. These can be shown as follows:
Definition 5:
  S env L is the envelope of an HFLTS and it is a linguistic interval. This interval consists upper limit and lower limit as this:
MC-HFLTS includes the linguistic terms which are based on a fuzzy envelope and pays attention to the specialists' indecision about defining their degrees of membership. Moreover, the complicated problems of MCDM, which are hierarchical, could be solved with this method.
represents the number of any criterion.
Step 1: Define the semantics and syntax of the linguistic term set S. S consists of 'No importance (ni), very low importance (vli), low importance (li) medium importance (mi), high importance (hi), very high importance (vhi), absolute importance (ai) .
Step 2: Determine the context-free grammar V contains terminals' symbols, I means the starting symbol, and P means the creation rules which provide primary term or composite term. So, selecting I as any nonterminal symbol and using P could be created linguistic expressions, such as, 'at least high, at most medium'. 
The symbol I can consist of the primary term or composite term. Composite term composes of unary relation and primary term or binary relation, primary relation, conjunction and primary term.
Step 3: Make the preference relations (PRs) into HFLTS.
Collect the PRs k p given by DMs {1, 2,..., } km  for criteria. The PRs into HFLTS transform using the GL E .
Step 4: Obtain an envelope [ , ] kk ij ij pp  for each HFLTS. Envelope values can be found using 2-tuples operations.
Step 5: Define the pessimistic and optimistic collective PRs.
A linguistic aggregation operator  is selected. The pessimistic ( 
The function
Step 6: Calculate a pessimistic and optimistic collective preference.
The pessimistic and optimistic collective preferences are calculated for each criterion by  .
Step 7: Construct a vector of intervals of collective choices for the criteria.
Step 8: Determine the criteria weights.
The obtained interval utilities are normalized and then weighted scores are found.
Stage 3. Selection of the best location using MAIRCA method
MAIRCA was improved in 2014 by the Center for Logistics Research at the University of Defense in Belgrade (Pamucar et al., 2014) . MAIRCA method determines the difference between the ideal weight and empirical weight. The value, where this value is minimal, is selected as the best one. MAIRCA method is created in six steps (Gigovic et al., 2016) :
Step 9. Construct the formation of the initial decision matrix (X).
In the initial decision matrix, the criteria values
Initially, decision matrix is defined according to the aggregation of DMs decisions or personal preferences of the DMs. In this study, it is obtained by aggregation of DMs preferences.
Step 10: Define the preference according to the alternative selection i A P .
The possibility of any alternative selection is not considered by DMs throughout this process. At first, DMs assumed that the alternative selection was the equal probability, so the probability of selecting one of the possible m alternatives was shown by Eq. (7).
Here, m indicates the total number of alternatives.
In the process, suppose that DM is neutral against risk. Namely, all the choices are equal according to the choice of alternatives
Step 11. Calculate the theoretical evaluation of matrix elements   Step 12. Calculate the real evaluation matrix   r T .
The elements of r T are calculated as the multiplication of the elements of the p T and elements of the X using Equation (9)-(10).
For the "benefit" type criteria;
For the "cost" type criteria;
Here, ij
x is the elements of the initial decision matrix. And , ii xx  are the maximum values and minimum values of the criterion by its alternatives, respectively.
Step 13. Calculate the total gap matrix   G .
The elements of G are found as the difference between theoretical and real evaluations. It is shown in Equation (11) 
MC-HFLTS & MAIRCA method was used for application of underground waste container location selection and comparison analysis was performed with MC-HFLTS & MABAC method. MABAC method steps are given in Figure 2 (Pamučar and Ćirović, 2015) . Comparison analysis was performed using this integrated method. MABAC method determines the ideal and anti-ideal distances to the respective regions. The alternative with the greatest sum of its distances to the values that correspond to the ideal region is selected. 
Application
The underground waste container system is an important part of the work that facilitates human life with innovative and contemporary solutions. Underground waste containers resemble an iceberg. Since the reservoir, in which the waste is collected, remains underground, this system eliminating image and environmental pollution is an important advantage, especially in areas where pedestrian and vehicle traffic is dense. The use of underground waste container systems, which is the most healthy and modern method of collecting waste, is increasing day by day. Because of these advantages, the Metropolitan Municipality Environmental Protection and Control Unit is increasing the installation of underground waste containers day by day. However, this study was conducted in order to provide benefit to the decision makers in determining which regions have priority in the installation of these containers.
In this context, districts where underground waste containers would be placed first in Erzurum province of Turkey, then neighborhoods were prioritized by using MC-HFLTS and MAIRCA among MCDM methods. MC-HFLTS method, which presents a flexible and rich linguistic term set to decision-maker while he/she is analyzing the study, is used to determine the criteria weights. MAIRCA method, which determines the best alternative by measuring the gap value between the theoretical evaluation and the real evaluation value, was used to sort the alternatives.
Stage 1: In this study, 3 decision-makers (from Metropolitan Municipality Environmental Protection and Control Unit), 5 criteria which are shown in Figure 3 and, 3 alternative districts (Aziziye (A1), Palandöken (A2), Yakutiye (A3)) for underground waste containers were defined. These districts are the central districts of Erzurum.
Steps of the MABAC Method for comparative analysis (Pamučar & Ćirović, 2015)
Step 15: Create a normalized decision matrix.
(14-15)
Step 16: Create a weighted decision matrix using criteria weights obtained from HFLTS.
(16)
Step 17: Create a boundary similarity area matrix (G) (17-18)
Step 18: Determine the distance of the alternatives from the boundary similarity area for matrix elements (19) Step 19 Figure 3 . The hierarchy of criteria for location selection of underground waste containers Stage 2: Firstly, data were collected, then an integrated MC-HFLTS method stages were implemented.
Step 1 and Step 2 are described as in the method.
Step 3: Matrices were created by the views of DMs received. These are shown in Tables 2, 3 and 4. 7 and 8) . The scale for the linguistic terms is given in Table 5 . Step 5: Obeying the rounding rules in Equation 4 and 5 and using the arithmetic mean operator given in Equation 3, decision makers' views on the criteria are combined, and pessimistic and optimistic preferences are obtained (Table 9-10). Step 6-7-8: Collective optimistic and pessimistic preferences for each criterion were obtained by linguistic aggregation operator  Then, the preference interval-valued obtained in terms of linguistics was given in numerical values (Table 11 ). The midpoint of the range values was found, and then the weight values were obtained by normalizing the values (Table 11) . Table 11 . Linguistic intervals and weights for the criteria According to the results obtained, the most important criterion was determined as Suitability of infrastructure (C5), Amount of waste (C3), and Population density (C2), Number of the institution of public/private utility (C4) and Distance to waste disposal point (C1), respectively.
Stage 3: At this stage, alternatives were evaluated using MAIRCA method. In applying MAIRCA method, the criteria weights which are calculated by MC-HFLTS are used.
Step 9: For the evaluation of the alternatives, the linguistic and numerical scale given in Table 12 are used and the matrix of paired comparison was formed (Table 13) . The values of the criteria are defined as the initial decision matrix for alternatives. 
Linguistic terms in the matrix given in Table 13 are written in numerical values and the calculations are made. DMs' opinions are combined using Arithmetic aggregation operator and the evaluation matrix in Table 14 are eventually formed.
Step 10: After the creation of the initial decision matrix, the choices of the alternative is found by using Equation (7) Step 12: The matrix elements of the real assessment ( r T ) were found and these elements were shown in Table 16 . They are found by multiplying matrix p T with normalized elements of the initial matrix which presented in Table 14 . Elements' normalization is completed by using Eq. (9) (for others) and Eq. (10) (only C1). Step 13: The total gap matrix elements were found using Eq. (11) and these elements were presented in Table 17 . Step 14: The difference between the theoretical and real evaluations is the smallest alternative (i.e. the value of the gap value nearest to zero) is chosen as the best alternative. By using Eq. 13, the gap values   i Q for the alternatives were calculated and these values are shown in Table 18 . A3 having the lowest gap value is the best alternative. The alternative order is as follows: A3>A1>A2. According to the results obtained in the calculation, the first location for underground waste containers is the district of Yakutiye (A3). Yakutiye District has eight neighborhoods with more than 10.000 population. These are "Kazım Karabekir Paşa (B1), Kurtuluş (B2), Lalapaşa (B3), Muratpaşa (B4), Ömer Nasuhi Bilmen (B5), Rabia Ana (B6), Şükrüpaşa (B7) and Üniversite (B8)" neighborhoods. The hierarchy of location selection for underground waste containers (for neighborhoods) is shown in According to five criteria, these eight alternatives are evaluated by applying MAIRCA method steps. The ranking of alternatives is obtained as Table 19 . The alternative order is as follows: B3>B7>B8>B2>B5>B6>B4>B1. According to the results obtained in the calculation, the first location for underground waste containers is the neighborhood of Lalapaşa (B3). The important second and third places were Şükrüpaşa and University neighborhoods. 
Comparison Analysis
The comparison analysis is performed using MABAC method in this section. MAIRCA and MABAC methods are novel methods in comparison to other MCDM methods. Both methods also have similar working principles. MAIRCA method determines the difference between the ideal weight and the empirical weight. The value where this value is minimal is selected as the best one, while MABAC method determines the ideal and anti-ideal distances to the respective regions. The alternative with the greatest sum of its distances to the values that correspond to the ideal region is selected. This is why these methods were used in this study for these two methods in order to measure the proximity and/or distance to the ideal. In the following, the location prioritization application by MABAC method is shown in detail.
Step 15. The normalized decision matrix given in Table 20 was obtained by the normalization of the combined decision matrix values in Table 14 using Equation 14 and 15. A1 0,000 0,000 1,000 0,500 0,400 A2 1,000 0,833 0,000 0,000 0,000 A3 1,000 1,000 0,500 1,000 1,000
Step 16. Weighted decision matrix using Equation 16 and criterion weights obtained from HFLTS are created as in Table 21 . Step 17. The boundary similarity area matrix (G) was created using Equations 17 and 18 (Table 22) . Step 18-19. For matrix elements, the distances of alternatives from the boundary similarity area were determined using Equation 19. The criteria function values of the alternatives were calculated using Equation 20 and the alternative ranking was obtained (Table  23) . MABAC method steps in Figure 2 were repeated to prioritize districts. Alternative ranking according to the MABAC method for the neighborhood is shown in Table 24 . In the methods (MC-HFLTS&MAIRCA and MC-HFLTS&MABAC), A3 and B3 alternatives are the best one and the ranking of location for underground waste containers is the same.
Conclusions and Discussion
The determination of the location of underground waste containers is an important decision-making problem since it contains more than one contradictory criterion. In this context, districts where underground waste containers would be placed first, then neighborhoods in the province of Erzurum, were prioritized by using Multi-Criteria Hesitant Fuzzy Linguistic Term Set (MC-HFLTS) and Multi-Attributive Ideal-Real Comparative Analysis (MAIRCA) among Multiple Criteria Decision-Making methods. Moreover, a comparative analysis was performed by using the MABAC method in order to test the consistency of the results and the reliability of the method.
MC-HFLTS includes a free set of terms, which allows the decision-maker to provide flexibility and richness in expressing his thinking, while at the same time allowing him to respond appropriately to his hesitant nature, i.e. to increase consistency. This hesitancy, which decision-makers often face, is handled by a context-free grammar. This provides a practical approach, which efficiently aggregates the decision-makers' linguistic assessments without losing any information in experts' evaluations.
Conventional waste containers used in the above-mentioned areas cause negativities such as visual pollution, the risk of infection from insects and leaking water, unpleasant smell spreading around, wastes spreading around due to less capacity and lack of capacity, etc. Therefore, underground waste containers are more superior than conventional waste containers with underground waste containers in terms of having more advantages such as more regular and clean appearance, less insect and infection risk, less unpleasant smell and more capacity. For these reasons, conventional waste containers are replaced by underground waste containers. In this case, the question which region primarily needs underground waste containers arises. In order to find an answer to this question, decision-making methods were used, 3 central districts and neighborhoods with the highest population in Erzurum were considered in this study and the locations where the containers would be placed were prioritized.
It may be said that this study differs from other studies. As a result of the literature review, there was no study about the location selection for underground waste containers. This study is original in terms of this case and the integrated methods used.
In future studies, it is thought that location for underground waste containers will be evaluated by using other MCDM methods. In addition, the number of alternative/criterion can be increased. On the other hand, after the underground garbage containers are placed in the selected places, the distances from these points to the waste disposal point can be considered as a routing problem.
